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Abstract. This study was conducted in order to estimate the carcinogenic risk of heavy metals
exposure via the consumption of groundwater and bottled water for the population of Covenant
University and Canaanland, Ota, Ogun state using Perkin Elmer Optima 8000 ICP-OES. The chronic
daily intake (CDI) in all the samples ranged from 0.005 and and 0.014µgL−1kg−1d−1which was found
to be negligible of potential risk on the inhabitants of different age groups. The carcinogenic Risk (R)
for all the samples ranged between 0.01 and 0.025 µgL−1d−1. The R for all the age groups was found
to be less than the acceptable level of EPA. The highest carcinogenic risk in Arsenic was found in
children, which could be attributed to their lower body weight. However, all the values measured were
observed to be below the recommended level by USEPA and WHO respectively.
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1. Introduction
Groundwater is the major source of drinking water for over half of the global population ([4],
[10]) and is generally considered to have better water quality than surface water. The quality of
274 Carcinogenic Risk of Arsenic (As) in Groundwater and Bottled Water Samples. . . : Adewoyin O.O. et al.
groundwater is being compromised by the presence of contaminants, thereby making it one of
the problems confronting the public health in different parts of the world in recent time. One of
such trace and toxic elements present in the subsurface that is capable of affecting the quality
of groundwater is Arsenic ([17], [6], [5], [3]). It has been identified that exposure to arsenic
through drinking water over a long period of time is the cause of multiple adverse health effects
including diabetes; peripheral neuropathy; cardiovascular diseases; and skin, lung, bladder and
kidney cancers ([19], [26]). The occurrence of arsenic in drinking water has been reported in
105 countries with impact on 226 million people all over the world ([4], [11]). Although arsenic
is abundant in both the solid and aqueous environment, its presence within groundwater is
receiving much attention as groundwater represents a major drinking water resource because
the geology, hydrogeology and geochemistry of the aquifer system remain important controls of
arsenic speciation and mobility within the solid-aqueous environment [11].
The interaction of chemical, biochemical, water and other geological materials introduces
different inorganic materials into the groundwater system [10]. Arsenic is introduced in
groundwater mainly through oxidative weathering and geochemical reactions. Other sources
may include improper disposal of glass, metal, semiconductor, mining and pesticides which
can percolate into the subsurface and affect groundwater. Literature revealed that several
approaches have been engaged to remove arsenic from contaminated water but each of these
methods suffered from one disadvantage or another [12]. Several studies have been conducted
to determine the extent and severity of groundwater Arsenic contamination in different parts of
the world most of which focus on health. Rahman et al. [17] conducted a study to determine
the status of arsenic contamination in groundwater in Nadia part of India. The health effect of
arsenic in groundwater of Patna area of India was studied by Chakrabaorti et al. [5]. Bondu
[3] reported the occurrence of high arsenic concentrations in groundwater collected from a
fractured crystalline bedrock aquifer in western Quebec (Canada). McGrory et al. [11] did a
spatial analysis on the occurrence and the possible risk of drinking arsenic contaminated water
in Ireland. Kumar et al. [10] was able to assess trace element contamination and its health
hazard in groundwater by the use of multivariate statistical technique. The present study is
conducted with the sole aim of determining the extent and severity of exposure to groundwater
arsenic contamination to the inhabitants of Canaanland and Covenant University in Ogun
state Nigeria, who largely depend on groundwater as a source of drinking and other domestic
purposes.
2. Geology and Geographical Location of the Study Area
Covenant University and Canaanland are both in Ogun State, which falls within the Eastern
Dahomey (Benin) Basin of south-western Nigerian that stretches along the continental margin
of the Gulf of Guinea. Rocks in the Dahomey basin are Late Cretaceous to Early Tertiary in
age ([9], [15], [2], [14]). The stratigraphy of the basin has been classified into Abeokuta Group,
Imo Group, Oshoshun, Ilaro and Benin Formations. The Cretaceous Abeokuta Group consists of
Ise, Afowo and Araromi Formations consisting of poorly sorted ferruginized grit, siltstone and
mudstone with shale-clay layers.
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Figure 1. Geologic map of Ogun state showing the location of the study area
3. Methodology
3.1 Sampling and Sample Preparation
Five different samples of water (3 groundwater and 2 bottled water) that are used for drinking
and domestic purposes in both Covenant University and Canaanland were collected for
assessment in this study. The distance between the three boreholes varied between 150 to
250 m as a result of the locations of functional boreholes within the area of study. The pH of
each water sample was measured at the point of collection with the aid of CONSORT C931
instrument. The water samples were filtered before they were collected in very clean plastic
bottles that had been pre-washed with 20% nitric acid (HNO3) and double distilled water. A few
drops of nitric acid (HNO3) were then added and the samples were stored in the refrigerator at
4-6◦C before they were transported by a vehicle to the laboratory for analysis [7]. The samples
were labeled A, B, C, D and E for easy identification, samples A, B and C are groundwater
samples collected around the study area while samples D and E are bottled water samples very
dominant in the area of study.
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3.2 Sample Analysis for Heavy Metal Concentration
All filtered and acidified water samples were analyzed for heavy metals by using Inductively
Coupled Plasma Atomic Emission Spectroscopy (ICP-OES) under standard operating conditions.
In view of data quality assurance, each sample was analyzed in triplicate and after every 10
samples two standard; one blank and another of 2.5µg/L of respective metal were analyzed on
atomic adsorption. The reproducibility was found to be at 95% confidence level. Therefore, the
average value of each water samples was used for further interpretations. Standard solutions
of all eight elements were prepared by dilution of 1000mg/L certified standard solutions from
the manufacturer for corresponding metal ions with double distilled water. All the acids and
reagents used were of analytical grade. All these analyses were performed in the International
Institute for Tropical Agriculture (IITA) Laboratory in Nigeria.
3.3 Health Risk Assessment
Chronic daily intake (CDI) is an indices for measuring the various channels through which
heavy metals enter into human body. This can be through several pathways such as through
food chain, dermal contact and inhalation. These other channels of exposure are very negligible
when compared to oral intake ATSDR [1]. The CDI through water ingestion was calculated
using (3.1) according to the modified equation from USEPA [21], and Chrostowski [8].
CDI= C×DI
BW
, (3.1)
where, C, DI and BW represent the concentration of heavy metals in water (µg/L), average daily
inake rate (2L/day) and body weight (72 kg), respectively (Muhammad [13]). The carcinogenic
risk (R) of heavy metal ingestion due to drinking water during lifetime was calculated according
to Patrick [16] using (3.2).
R=CDI×SF . (3.2)
In (3.2), CDI is the Chronic Daily Intake (mg/kg−1d−1), and SF is the safety factor of
contaminants slope for Arsenic, which is 1.75 µgkg−1d−1 according to USEPA [22]. The
acceptable level of R according to EPA and WHO is respectively less than 1E-6 (One cancer in
1000000 people) and less than 1E-4 (One cancer in 10000 people) (USEPA [22], WHO [24]).
4. Results and Discussion
4.1 Concentrations of Arsenic (As) in the Water Samples from the Study Area
From Table 3.1, the concentration of Arsenic (As) varied from 0.14 to 0.18 µgL−1 with the highest
value of 0.18 µgL−1 noted in sample A where the lowest value of 0.14 µgL−1 was observed in
sample E. The concentration measured in samples C and D were observed to be equal (Table 1),
which could be as a result of the similarity in the geological composition of the water bearing
formations of the two boreholes. In another case, sample C could be the borehole source for
sample D. Michael and Klen [12] reported the relationship between cardiovascular mortality
and Arsenic exposure in 30 US counties where the average As concentration in drinking water
was > 5 µgL−1. Comparing this present study with other studies according to the relationship
between exposure and internal cancer risks in Finland with concentration of < 0.1 µgL−1, with
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risk of bladder cancer, in Chile with concentrations varying from 0-10 µgL−1 with the risk of
lung cancer; in Nijata, Japan, the concentration of 0.5 µgL−1Arsenic was noted in drinking
water, varying from 0.05 µgL−1-0.99 µgL−1 with risk exposure of bladder cancer, the present
study with concentration of 0.18 µgL−1 and varying from 0.14-0.18 µgL−1 is within the range of
bladder cancer exposure to the consumers.
Table 1. Concentration of Arsenic in water samples
s/n Sample ID Concentration of Arsenic (µgL−1)
1 A 0.18
2 B 0.15
3 C 0.16
4 D 0.16
5 E 0.14
The result of the samples collected in the study area was compared with the recommended
standards by USEPA [23], and WHO [25] and National Drinking Water Quality Standards
(NDQWS). It was observed that the concentration of Arsenic in the samples tested was much
less than the international recommended standards (Figure 2). 
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Figure 2. Comparison of arsenic concentrations in water samples in the study area with recommended
standards (USEPA (1989) [23]; WHO (2006) [25]) and national drinking water quality standard (NDWQS)
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4.2 Chronic Daily Intake (CDI) of Arsenic (As) in Water Samples from the Study Area
The Chronic Daily Intake (CDI) was calculated for both adults and children that depend on
these water sources for consumption using (3.2) in accordance with Chandra et al. [7], and
USEPA [22]. In this equation, CDI is Chronic Daily Intake (mg/kg-d), C is the concentration
of Arsenic in drinking water (µgL−1), DI is the mean daily intake of water (Ld−1), and BW is
the body weight (kg) Muhammad et al. [13] and Roychowdhury [18]. Due to lack of existing
data for DI and BW of Population in Nigeria, the data suggested by WHO and EPA was used.
Hence, DI for adult men was taken to be (17-45.5 years old), adult women (17-45.5 years old)
and children (4-14 years old) are 2.723, 2.129, 1.8 L, respectively. The body weight (BW) for
adult men, adult women and children are 76, 64 and 22.3 kg according to USESPA [20] and
WHO [25], respectively.
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Figure 3. Comparison of Chronic Daily Intake in the samples across various age groups
Figure 3 showed the chronic daily of water intake for different age groups (men, women
and children) in the study area. For men, CDI ranged between 0.005 to 0.008 µgL−1kg−1d−1
with the highest value of 0.008µgL−1kg−1d−1 noted in sample A whereas lower value of
0.005µgL−1kg−1d−1reported in samples B and E respectively. For women, CDI ranged between
0.005 to 0.006 gL−1kg−1d−1 with the sample A reporting highest than other samples with the
same value of 0.005 µgL−1kg−1d−1. In the same way, the CDI for children varied from 0.012
to 0.014 µgL−1kg−1d−1with the lowest value of 0.012 µgL−1kg−1d−1reported in samples B, D
and E water respectively whereas the highest value of 0.014 µgL−1kg−1d−1 was also noticed in
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sample A. Chronic exposure to arsenic causes dermal effects such as melanosis, leucomelanosis,
keratosis, Bowen’s disease, and cancer. The levels found in all the samples were significant but
higher exposure was noted in children’s daily intake.
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Figure 4. Comparison of the Carcinogenic Risk (R) of exposure to Arsenic of each sample with the Age
groups
The result showed in Figure 4 revealed that carcinogenic risk as a result of exposure to
Arsenic is higher in children than the other age groups, which makes them prone to risks. The
reason for the higher risk in children could simply be attributed to their smaller body weights,
which subjects them to the risk of this metal. This explains why children are the most affected
in the case of outbreaks of diseases.
5. Conclusion
The measure of Arsenic exposure in groundwater and bottled water samples consumed to the
inhabitants of Covenant University and Canaanland was estimated using Inductively Coupled
Plasma Optical Emission Spectroscopy (ICP-OES). The concentration of Arsenic was highest in
sample A and lowest in sample E with values of 0.18 and 0.14 µg/L, respectively. The chronic
daily intake (CDI) and carcinogenic risk (R) were estimated for all the water samples across
different age groups. The highest values of chronic daily intake and carcinogenic risk was found
in children consuming water sample A. The values observed were 0.014 and 0.025 µgL−1kg−1
d−1 for both CDI and R respectively.
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